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BACKGROUND OF THE INVENTION 

1. Field of the Invention. 

[0001] This invention relates to the manufacture of opti- 
cal assemblies. More particularly this invention relates to 
the manufacture of a precisely aligned array of optical fi- 
bers . 

2. Description of the Related Art, 

[0002] In the past, the assembly and manufacture of opti- 
cal fiber arrays has been largely time consuming and prone 
to quality control problems. The latest developments in op- 
tical cross-connect assemblies have only magnified these 
problems. A general demand for more precisely constructed 
assemblies having greater reliability has translated into a 
demand for better manufacturing apparatus and processes. 
For example, the newest cross-connect assemblies place ex- 
treme importance on a well-adjusted optical system. These 
devices rely on the reception of modulated light on a 
light-receiving device from a multiplicity of fibers, in 
which the parameters of operation are precisely known dif- 
ferences in phase shift and polarization of the individual 
light beams. If the optical system is not finely tuned, 
then the device will not operate optimally, or may fail en- 
tirely. Precisely manufactured arrays of optical fibers are 
components of such cross-connect assemblies. 

[0003] One way of ensuring an optical fiber array of high 
quality is to increase labor intensity and quality control. 
The increased labor allows more time per optical fiber ar- 



ray for alignment and adjustment. Increased quality control 
results in rejection of substandard optical fiber arrays. 
The disadvantages of this approach are dramatically in- 
creased cost, and the discarding of parts and material upon 
recognition of failure. A better strategy is to manufacture 
storage devices with maximized quality and efficiency. 
[0004] As mentioned previously, parts and labor are the 
most expensive elements of an optical fiber array. In the 
past, optical elements were positioned by hand. An assem- 
bler would hold the elements in place and apply glue. Qual- 
ity control would later determine if the optical part were 
properly placed. The problem with this method is that in 
the case of a misplaced piece additional labor is uselessly 
added to an optical fiber array. Typically, any repair at- 
tempt destroys the glued part, and increases labor cost. 

SUMMARY OF THE INVENTION 

[0005] In the present invention, optics are inspected dur- 
ing the assembly or immediately following assembly. An im- 
proved manufacturing technique for optical fiber arrays em- 
ploys optical feedback in a partially assembled 
cross-connect assembly using an inspection camera. This al- 
lows immediate reworking of a problematic part. In the pre- 
sent invention, a video microscope is used to check the 
alignment of the optical fiber array during the manufactur- 
ing process. After the optical fiber array has been glued 
or otherwise affixed, then an optical device may be used to 
measure the performance of the glued assembly. 
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[0006] It is a primary object of some aspects of the pres- 
ent invention to align optical fiber array assemblies dur- 
ing manufacture in a precise and efficient manner. 
[0007] It is another object of some aspects of the present 
invention to reduce the cost of manufacturing optical de- 
vices that employ optical fiber array assemblies. 
[0008] The invention provides an apparatus for manufactur- 
ing a fiberoptic device, comprising a first stage, and a 
fiber rotator disposed on the first stage. The fiber rota- 
tor carries an optical fiber therein, and the stage is ar- 
ranged to rotate the optical fiber about its optical axis. 
The apparatus further includes a second stage for holding a 
silicon slab, a fiber gripping assembly that is disposed 
between the first stage and the second stage for gripping 
an intermediate portion of the optical fiber. The apparatus 
further includes a first viewer directed toward the silicon 
slab along a Y-axis, and a second viewer directed toward an 
end face of the optical fiber in a Z-axis. Responsive to 
views provided by the first viewer and the second viewer, 
the first stage, the second stage, the fiber rotator, and 
the fiber gripping assembly are manipulated to establish 
the optical fiber in a desired position on the silicon 
slab . 

[0009] According to another aspect of the invention, the 
apparatus includes a third stage, and a weight mounted on 
the third stage. A free end of the weight impinges on the 
optical fiber to urge an end portion of the optical fiber 
onto the silicon slab. 

[0010] According to another aspect of the invention, the 
third stage is movable on the X-axis and the Z-axis. 
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[0011] According to still another aspect of the inven- 
tion, the weight is pivotally mounted and pivots between a 
first position, wherein the weight is in a non-contacting 
relationship with the optical fiber and a second position, 
wherein the weight impinges on the optical fiber. 
[0012] According to a further aspect of the invention, 

the weight includes a first weight that urges the end por- 
tion of the optical fiber into a groove formed in the sili- 
con slab, and a second weight that urges the end portion of 
the optical fiber onto a flat portion of the silicon slab. 
[0013] According to another aspect of the invention, a 
contacting surface of the free end of the weight is paral- 
lel to a top portion of the silicon slab when the contact- 
ing surface is in contact with the optical fiber. 
[0014] According to yet another aspect of the invention, 
the fiber gripping assembly is supplied by a vacuum line, 
and includes a channel formed therein for establishing 
fluid communication between the vacuum line and a tip por- 
tion of the fiber gripping assembly, wherein the optical 
fiber is held in the tip portion of the fiber gripping as- 
sembly by suction produced in the channel. 

[0015] According to a further aspect of the invention, 
the tip portion has a groove formed therein, and the opti- 
cal fiber is received in the groove. The groove is dimen- 
sioned such that a surface of the optical fiber contacts a 
first side wall of the groove and contacts a second side 
wall of the groove. 

[0016] According to an additional aspect of the inven- 
tion, the first stage is movable on a vertical axis and is 
rotatable about the vertical axis. 
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[0017] According to an aspect of the invention, the sec- 
ond stage is movable about the Y-axis. 

[0018] According to still another aspect of the inven- 
tion, the second stage is connected to a vacuum line, and 
the silicon slab is exposed to vacuum transmitted via the 
vacuum line. 

[0019] According to a further aspect of the invention, 
the second viewer includes a power and polarization detec- 
tor, and the second viewer is linked to a motorized servo- 
mechanism that actuates at least one of the first stage, 
and the second stage. 

[0020] According to yet another aspect of the invention, 
the first viewer is linked to the servomechanism. 
[0021] The invention provides a method of manufacturing a 
fiberoptic array. The method includes disposing a silicon 
slab on an assembly station, gripping an optical fiber in a 
first gripping assembly for rotation about a Z-axis 
therein, gripping the optical fiber in a second gripping 
assembly for displacement thereof in an X-axis and a 
Y-axis, visualizing a position of the optical fiber rela- 
tive the silicon slab, and responsive to the visualization, 
adjusting the position to a desired position, and then per- 
manently affixing the optical fiber to the silicon slab in 
the desired position. 

[0022] According to an additional aspect of the inven- 
tion, housing is attached to the silicon slab, - and the op- 
tical fiber is enclosed in the housing. 

[0023] According to an aspect of the invention, a first 
groove is formed in the silicon slab. A second groove is 



5 



formed in the housing, such that the optical fiber is em- 
braced by the first groove and the second groove. 
[0024] According to another aspect of the invention, the 
polarization axis of the optical fiber is determined by 
visualization, and responsive to the determination, the op- 
tical fiber is rotated about the Z-axis until its polariza- 
tion axis attains a desired alignment. 

[0025] According to a further aspect of the invention, a 
weight is applied to an intermediate portion of the optical 
fiber while adjusting the position of the fiber. 
[0026] The invention provides an apparatus for manufac- 
turing a fiberoptic device, which includes a first stage, a 
fiber rotator disposed on the first stage, the fiber rota- 
tor carrying an optical fiber therein, and rotating the op- 
tical fiber about an optical axis thereof. The apparatus 
further includes a second stage for holding a silicon slab, 
a fiber gripping assembly disposed between the first stage 
and the second stage for gripping an intermediate portion 
of the optical fiber. The fiber gripping assembly is sup- 
plied by a first vacuum line, and includes a channel formed 
therein for establishing fluid communication between the 
first vacuum line and a tip portion of the fiber gripping 
assembly. The optical fiber is held in the tip portion of 
the fiber gripping assembly by suction transmitted via the 
channel, wherein a groove is formed in the tip portion. The 
groove is dimensioned such that a surface of the optical 
fiber contacts both side walls of the groove. A first 
viewer is directed toward the silicon slab along the 
Y-axis, and a second viewer is directed toward an end face 
of the optical fiber in the Z-axis. A third stage is mov- 
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able on an X-axis and the Z-axis. A first weight and a sec- 
ond weight, are mounted on the third stage, wherein a free 
end of the first weight and a free end of the second weight 
impinge on the optical fiber to urge an end portion of the 
optical fiber against the silicon slab. Responsive to views 
provided by the first viewer and the second viewer, the 
first stage, the second stage, the fiber rotator, and the 
fiber gripping assembly are manipulated to establish the 
optical fiber in a desired position on the silicon slab. 
[0027] According to yet another aspect of the invention, 
the first weight and the second weight are pivotally 
mounted and independently pivot between a first position of 
non-contacting relationship with the optical fiber and a 
second position of impingement on the optical fiber. 
[0028] According to still another aspect of the inven- 
tion, the first stage is movable on a vertical axis and is 
rotatable about the vertical axis. 

[0029] According to an additional aspect of the inven- 
tion, the second stage is movable about the Y-axis. 
[0030] According to an aspect of the invention, the sec- 
ond stage is connected to a second vacuum line, and the 
silicon slab is exposed to vacuum transmitted via the sec- 
ond vacuum line. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] For a better understanding of these and other ob- 
jects of the present invention, reference is made to the 
detailed description of the invention, by way of example, 
which is to be read in conjunction with the following draw- 
ings, wherein: 
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Fig. 1 is an elevation of a portion of a fiberoptic 
assembly that is constructed and operative in accordance 
with a preferred embodiment of the invention; 

Fig. 2 is an exploded side elevation of the fiber- 
optic assembly shown in Fig. 1; 

Fig. 3 is a perspective view illustrating a fiber- 
optic assembly station that is constructed and operative in 
accordance with a preferred embodiment of the invention; 

Fig. 4 is a top view of the portion of an assembly 
station similar to that shown in Fig. 3; 

Fig. 5 is a perspective view of a portion of the 
assembly station shown in Fig. 3; 

Fig. 6 is a side elevation of the assembly station 
shown in Fig. 5; 

Fig. 7 is a composite sectional view through a por- 
tion of a gripping subassembly of the assembly station 
shown in Fig. 3; 

Fig. 8 is a schematic view of a weight subassembly 
of the assembly station shown in Fig. 3; 

Fig. 9 is an enlarged schematic view of a portion 
of the weight subassembly of the assembly station shown in 
Fig. 3; 

Fig. 10 is an end view of an optical fiber having a 
polarization angle; and 

Fig. 11 is a partially schematic view similar to 
Fig. 3, illustrating an assembly station that is con- 
structed and operative in accordance with an alternate em- 
bodiment of the invention. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0032] In the following description, numerous specific de- 
tails are set forth in order to provide a thorough under- 
standing of the present invention. However, it will be ap- 
parent to one skilled in the art that the present invention 
may be practiced without these specific details. 
[0033] Turning now to the drawings, reference is made to 
Fig. 1, which illustrates a portion of a fiberoptic assem- 
bly that is aligned during manufacture in accordance with a 
preferred embodiment of the invention. The fiber-optic as- 
sembly 10 includes a linear array of optical fibers 12, 
which is secured within a housing 14. The optical fibers 12 
are mutually aligned, such that their geometric centers 16 
lie along a straight line 18. It is required that the de- 
viation from co-linearity in the Y-axis of the geometric 
centers 16 be maintained within a tolerance shown as the 
distance "A", In the preferred embodiment the distance "A" 
cannot exceed two microns. Such close tolerances are essen- 
tial for the fiberoptic assembly 10 to function correctly 
in devices such as optical switches. 

[0034] Reference is now made to Fig. 2, wherein the fiber- 
optic assembly 10 is shown in further detail in an exploded 
view. The description of Fig. 2 is to be read in conjunc- 
tion with Fig. 1. The housing 14 has a top portion 20 and a 
bottom portion 22. Formed in each of the top portion 20 and 
the bottom portion 22 are V-shaped grooves 24, 26. When the 
top portion 20 is approximated to the bottom portion 22, an 
optical fiber 12 is received by the grooves 24, 26, which 
hold the optical fiber 12 firmly in position. Each of the 
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optical fibers in the fiberoptic assembly 10 is similarly 
arranged. Nevertheless, it is technically difficult to 
align the optical centers of the fibers as required. 
[0035] Reference is now made to Fig. 3, which illustrates 
an optico-mechanical assembly station that is constructed 
and operative in accordance with a preferred embodiment of 
the invention. An assembly station 30, which is adapted for 
the manufacture of fiberoptic assemblies, such as the fi- 
beroptic assembly 10 (Fig. 1), comprises four sections: a 
optical fiber positioning sub-assembly 31, an optical fiber 
stabilizing sub-assembly 33, a substrate holding 
sub-assembly 35 and a viewing section 37. 

[0036] In describing the assembly station 30 and its op- 
eration, the following conventions are used herein. The 
Z-axis is nominally horizontal, and coincides with the op- 
tical axis of an optical fiber that is being held and ma- 
nipulated. The X-axis refers to the horizontal axis that is 
orthogonal to the Z-axis. The Y-axis is the vertical axis, 
and is orthogonal to both the X and Z axes. Rotation about 
the X-axis, Y-axis, and Z-axis is referred to as theta-X, 
theta-Y and theta-Z motion respectively. Of course, it is 
possible to operate the assembly station 30 in many posi- 
tions and orientations, in which case the X-axis, Y-axis, 
and Z-axis are appropriately translated. 

[0037] Reference is now made to Fig. 4 and Fig. 5. Fig. 4 

is a top view of a portion of an assembly station 30 simi- 
lar to that shown in Fig. 3. Fig. 5 is a perspective view 
of a portion of the assembly station 30, The description of 
Fig. 4 and Fig. 5 is to be read in conjunction with Fig. 1 
and Fig. 3. The optical fiber positioning sub-assembly 31 
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and a portion of the optical fiber stabilizing 
sub-assembly 33 are supported by a stage 36. The optical 
fiber positioning sub-assembly 31 includes an actuator 38, 
and an actuator 40, which control movements of the 
stage 36. The optical fiber positioning sub-assembly 31 
also includes a fiber rotator 42, an actuator 4 6 which con- 
trols the fiber rotator 42, and a clamp 148 which secures a 
fiber 12 in the fiber rotator 42. 

[0038] The optical fiber stabilizing sub-assembly 33 in- 
cludes a clamp 64, a clamp 66, and a clamp 68, which are 
carried on the stage 36, for stabilizing a portion of the 
fiber 12 near the fiber rotator 42. The optical fiber sta- 
bilizing sub-assembly 33 also includes a gripping assem- 
bly 50, a weight 112, and a weight 114 for stabilizing the 
fiber 12 near the optical assembly into which it is to be 
incorporated. A bottom portion 22 of such an optical assem- 
bly is shown in a working position in Fig. 4 and Fig. 5. 
[0039] The substrate holding sub-assembly 35 includes a 
vacuum plate stage 52, a hose 62 for supplying vacuum to 
the vacuum plate stage 52, an actuator 54, an actuator 56, 
and a rotation control 58 for controlling movements of the 
vacuum plate stage 52. 

[0040] The viewing section 37 includes a video camera 72, 
which provides a view parallel to the Y-axis, and a ste- 
reo-microscope 70, which is aligned generally with the 
Z-axis . 

Reference is again made to Fig. 1, Fig. 2, and Fig. 5. The 
objectives of the operations performed by the assembly sta- 
tion 30 are now presented in order to assist in understand- 
ing its structure and operation. Using the assembly station 
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30, each fiber 12 of the fiberoptic assembly 10 is sequen- 
tially secured in proper alignment to the bottom portion 
22, which can be a silicon slab. In some embodiments the 
bottom portion 22 has a grooved section 32 in which a plu- 
rality of V-grooves are aligned parallel to the Z-axis, and 
has a flat section 34. When all the fibers have been se- 
cured such that their free ends lie in designated grooves 
of the grooved section 32, horizontally aligned with one 
another. If the fibers are polarizing optical fibers, their 
polarization axes each have a desired alignment. The top 
portion 20 is then affixed to the bottom portion 22 as a 
separate operation to complete the assembly. 
[0041] Reference is again made to Fig. 3, Fig. 4, and Fig. 
5. The stage 36 is provided for holding and manipulating 
components of the fiberoptic assembly 10. The stage 36 is 
capable of displacement along the Z-axis, and can be ro- 
tated about the Z-axis, using the actuators 38, 40. The fi- 
ber rotator 42, adapted for gripping an individual fiber 12 
of the fiberoptic assembly during assembly, is mounted on 
the stage 36 and is oriented in the Z-axis. A slit 146 is 
provided in the fiber rotator 42 for receiving an optical 
fiber therethrough. The fiber rotator 42 includes the ac- 
tuator 46, which is capable of rotating the fiber 12 about 
its optical axis, with 360-degree freedom of rotation. In 
the case of polarization mounted single-mode fibers, this 
capability allows the fiber 12 to be aligned with respect 
to its polarization axis. The fiber rotator 42 is a known 
component, and a suitable version is available as model 
F265-R from Suruga Seiki, OST Division, Shizuoka, Japan. 
Cooperating with the fiber rotator 42 is the fiber gripping 

assembly 50, which opposes the fiber rotator 42 and is spe- 
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cialized to hold the optical fiber 12 while it is seated in 
its designated groove of the grooved section 32 during as- 
sembly. The gripping assembly 50 is mounted on the stage 36 
by a bracket 51. It can move independently in the X-axis, 
Z-axis, and is capable of theta-X and theta-Z motion as 
well. The bottom portion 22 is carried on a vacuum plate 
stage 52 having freedom of movement along the Y-axis and 
the X-axis, as well as having freedom of rotation about the 
Y-axis. The actuators 54, 56 and the rotation control 58 
control the movement of the vacuum plate stage 52. 
[0042] Vacuum is maintained by a vacuum hose 60, which 
leads from the gripping assembly 50 to a suitable pump (not 
shown) . Vacuum is provided to the vacuum plate stage 52 by 
a hose 62 for stabilizing the bottom portion 22. The clamps 
64, 66, 68 provide further stabilization for the fiber 12 
during the assembly and alignment operations. 
[0043] The fiberoptic assembly under construction is 
viewed along the Y-axis on the vacuum plate stage 52 by the 
stereo-microscope 70 (Fig* 3), which is conventional. In 
practice, the stereo-microscope 70 can be linked to a moni- 
tor (not shown) for the convenience of the operator. The 
video camera 72, mounted on a movable stage 74, observes 
the vacuum plate stage 52 horizontally, in line with the 
Z-axis. Using the video camera 72, the end face of the op- 
tical fiber 12 can be visualized as it is being positioned 
in the bottom portion 22. It should be noted that while the 
video camera 72 has freedom of adjustment in the X, Y, and 
Z-axes independently, in operation there is no relative 
movement between the stage 7 4 and the vacuum plate stage 
52. Using the stereo-microscope 70 and the video camera 72, 
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the operator can view the process of assembly of the fiber- 
optic assembly 10 along two orthogonal axes, the Y-axis and 
the Z-axis. The video camera 72 is capable of high magnifi- 
cation, and is connected to a display monitor (not shown) . 
Cameras suitable for the video camera 72 are available from 
Mitutoya Corp. 

[0044] Reference is now made to Fig. 6, which is a side 
elevation of the assembly station 30, and illustrates addi- 
tional components of the optical fiber stabilizing 
sub-assembly 33. The description of Fig. 6 is to be read in 
conjunction with Fig. 2, Fig. 3, Fig. 4, and Fig. 5. The 
gripping assembly 50 is disposed behind the vacuum plate 
stage 52. Vacuum is employed to urge the fiber 12 against 
the gripping assembly 50 at a point near the end face of 
the fiber 12, such that stability of the fiber 12 with re- 
spect to the vacuum plate stage 52 is assured during ma- 
nipulation. The weights 112, 114 are mounted on a stage 
116, and are pivotable, as explained in further detail 
hereinbelow. Weights 112, 114 are preferably identical in 
structure. The stage 116 is provided with an X-actuator 160 
and a Z-actuator 162 that adjust the position of the stage 
116 in the X- and Z-axes, such that the free ends 122, 124 
(Fig. 4) can be accurately positioned over a desired por- 
tion of the vacuum plate stage 52. The weights 112, 114 im- 
pinge on the vacuum plate stage 52 and more particularly on 
a portion of the optical fiber 12 lying in the groove 26 
while being currently manipulated. The weight 114 is posi- 
tioned to assist in coupling an optical fiber 12 into its 
assigned groove 26 at the edge of the silicon slab 126. As 
best seen in Fig. 4, the weight 112 is positioned in order 

to position the optical fiber 12 onto the more proximal 

14 



non-grooved portion of the silicon slab 126 by applying the 
weight 112 to the optical fiber 12. 

[0045] Reference is now made to Fig. 8, which illustrates 
the structure of the weights 112, 114 in greater detail. 
The description of Fig. 8 is to be read in conjunction with 
Fig. 6. A wheel 128 is affixed to both the weights 112, 
114, and pivots about an axis 130. The wheel 128 is coun- 
terweighted to provide precision in movement and weighting. 
A shaft 132 is rigidly attached to the wheel 128, and ex- 
tends radially in the direction of the vacuum plate stage 
52. The shaft 132 is dimensioned so that its free end 134 
impinges on the vacuum plate stage 52 as the wheel 128 is 
revolved . 

[0046] Reference is now made to Fig. 9, which illustrates 
the structure of the free end 134 of the shaft 132 in fur- 
ther detail. The description of Fig. 9 is to be read in 
conjunction with Fig. 6 and Fig. 8. A tip 136 extends down- 
ward from the shaft 132 and terminates in a face 138. The 
face 138 is a plane, which is angled with respect to the 
radial line formed by the shaft 132 with respect to its 
pivot, axis 130 (Fig. 8) . The radial direction of the shaft 
132 is indicated by the line 140. It is important that the 
face 138 be parallel to the top surface of the silicon slab 
126, which is mounted on the vacuum plate stage 52. A plu- 
rality of cylindrical bores 142 is formed in the shaft 132. 
The bores 142 receive cylindrical weights, which are se- 
lected to adjust the pressure that is exerted by the tip 
136 against a fiber 12 that is being assembled into the 
silicon slab 126. 
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[0047] Reference is now made to Fig. 7, which is a sec- 
tional view of a tip 7 6 of the gripping assembly 50. The 
description of Fig. 7 is to be read in conjunction with 
Fig. 5 and Fig. 6. Two opposing jaws 78, 80 are approxi- 
mated to one another along a line 82, such that grooves 84, 
86 formed in the jaws 78, 80 provide closed fluid channels 
leading to a vacuum pump (not shown) via the hose 60. The 
grooves 84, 8 6 open into a V-shaped groove 88 that is 
formed at the free end of the tip 76. An object, such as 
the smaller fiber 90 or a larger fiber 92 is received into 
the groove 88. The fiber 90 makes contact with the side 
walls 94, 96 at points 98, 100, creating a semi-closed re- 
gion 102 where the air pressure is lower than the ambient 
air pressure. Consequently the fiber 90 is urged against 
the side walls 94, 96, and is held in a stable position 
thereon. It will be noted that the side walls 94, 96 form 
tangent planes with the cylindrical outer surface of the 
fiber 90. The tangent planes are represented as tangent 
lines on the sectional view of Fig. 7. It is important that 
the groove 88 be dimensioned such that tangents are formed 
at the point of contact on the side walls 94, 96 for the 
gripping assembly 50 to operate optimally. For example the 
fiber 92 contacts the side walls 94, 96 at points 104, 106 
and therefore is held successfully by the gripping assembly 
50. However a fiber larger than the fiber 92 would merely 
contact the tip 76 at cusps 108, 110 and would not form the 
requisite tangent plane. Its stability could not be as- 
sured . 
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Operation . 

[0048] Reference is again made to Figs. 2-6. The opera- 
tion of the assembly station 30 will now be disclosed. Ini- 
tially a bottom portion 22 of a silicon slab is mounted on 
the vacuum plate stage 52 and held in place using the vac- 
uum transmitted by the hose 62. The stereo-microscope 70 is 
adjusted to view the bottom portion 22, and in particular 
the grooved section 32. 

[0049] Operations on an optical fiber are then begun. The 
fiber 12 is inserted through the slit 146 of the fiber ro- 
tator 42, initially positioned such that it lies in a des- 
ignated groove of the grooved section 32, with its free end 
coinciding with the free edge 23 of the bottom portion 22. 
The fiber is then secured in the fiber rotator 42 using the 
clamp 148. The positioning is accomplished by applying vac- 
uum to the gripping assembly 50, and then by clamping the 
intermediate portion of the fiber 12 using the clamp 64, 
the clamp 66, and the clamp 68 (Fig. 4). Actuation of the 
gripping assembly 50 provides the fine control needed to 
precisely place the fiber 12 in a desired position. The 
video camera 72 (Fig. 3) is adjusted such that its direc- 
tion of view is aligned with the Z-axis, and the free edge 
23 of the bottom portion 22 and the free end of the fiber 
12 are visualized en face. The magnification of the video 
camera 72 is adjusted such that the relationship of the fi- 
ber 12 to its associated V-groove is seen clearly. The 
weight 112 and the weight 114 are applied to the fiber 12 
to further immobilize it in a desired position so that it 
is aligned in the Y-axis with other optical fibers that are 
inserted in other grooves of the grooved section 32. 
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[0050] Reference is now made to Fig. 10, which shows an 
end view of an optical fiber 12. The description of Fig. 10 
is to be read in conjunction with Fig. 4, Fig. 5, and Fig. 
6. The view of the fiber-optic assembly 10 is similar to 
that seen by the video camera 72. Two circles 154, 156 de- 
fine the polarization axis of the optical fiber 12, which 
may be adjusted by the operator such that they are in ver- 
tical alignment, indicated by their orientation with re- 
spect to the vertical line 158. The actuator 38 and the ac- 
tuator 40 control movement of the stage 36 independently of 
the vacuum plate stage 52, so that the optical fiber 12 is 
allowed to move in the Z-axis or to undergo theta-Z motion 
relative to the bottom portion 22. During the alignment the 
operator also controls the actuator 54 and the actuator 56 
of the vacuum plate stage 52 so that the bottom portion 22 
and the weights 112, 114 can move in the X-axis and the 
Y-axis relative to the optical fiber 12. If it is necessary 
for the operator to move the weights 112, 114 on the X-axis 
and the Z-axis relative to the bottom portion 22, the 
X-actuator 160 and the Z-actuator 162 are provided to con- 
trol movements of the stage 116, which carries the weights 
112, 114. The operator then rotates the fiber 12 about its 
optical axis using the fiber rotator 42 until its polariza- 
tion axis is in a desired orientation. In its final posi- 
tion, the fiber 12 rests in its designated V-groove of the 
bottom portion 22, is aligned with other optical fibers of 
the assembly in the Y-axis, and is rotationally aligned, 
such that its polarization axis has a desired orientation 
with respect to the Y-axis. 
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[0051] Suitable glue, such as UV-glue, is then applied in 
order to secure the fiber 12 to the bottom portion 22, and 
allowed to cure. The gripping assembly 50, the clamp 64, 
the clamp 66, and the clamp 68, the weight 112 and the 
weight 114 are released, and the fiber 12 removed from the 
fiber rotator 42. 

[0052] The above described operations fiber are then re- 
peated until all the V-grooves are occupied by optical fi- 
bers, or until a predetermined number of optical fibers 
have been emplaced in the bottom portion 22. The assembly 
of the fiberoptic assembly 10 is completed by gluing the 
top portion 20 to the bottom portion 22 with an epoxy glue 
to form a housing over the optical fibers, and then polish- 
ing the end faces of the optical fibers using known meth- 
ods . 

Alternate embodiment . 

[0053] The above described embodiment relies on skilled 
human operators. Reference is now made to Fig. 11, which 
semi-schematically illustrates an assembly station that is 
constructed and operative in accordance with an alternate 
embodiment of the invention. An assembly station 170 is 
similar to the assembly station 30 of the first embodiment. 
However, the video camera has been replaced by a power and 
polarization detector 164. The output of the detector 164 
is coupled to a suitable signal processor (not shown) , 
which applies control signals to industrial motors 174 
which drive the various actuators of the assembly station 
170. The actuators can thus be controlled automatically, 
without intervention of a human operator. 
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[0054] While this invention has been explained with refer- 
ence to the structure disclosed herein, it is not confined 
to the details set forth and this application is intended 
to cover any modifications and changes as may come within 
the scope of the following claims: 
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